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Lens system for manufacturing CRT screens _ 
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This invention relates to a lens system for use in manufacturing CRT screens. 
In the manufacturing process of CRT screens, phosphor and matrix layers are 
applied by means of a photographic process. In the process, lenses are used for exposing the 
screen. The requirements on the optical quality of these lenses are constantly increasing. 
5 One of the problems concerning these lenses is their surface roughness, which 

reduces the optical accuracy of them. This becomes a big problem, in particular in slim tubes, 
i.e. tubes with a large deflection angle, for example up to 120"*. 

The phosphor and matrix layers on a CRT screen are made by means of a 
photographic process, for which a shadow mask is used as a negative. The light rays used in 
1 0 tills process must look like the electron beam rays later on, when th^.tube is in operation. 
This holds for all CRTs that are made today. Typical for the lenses used in CRT exposure is 
tiaat they are relatively large with diameters of more then 10 cm. Usually one side of the lens 
is flat while the oflier side has a refractive structure defining the optical properties of the lens. 
As known in the art, the refractive surface of an exposure lens for use in manufacturing CRT 
15 screens is generally aspherical and non-parabolic (as opposed to lenses for use in photo 
cameras or telescopes). The refractive structure is often made by means of a so called 
"sagging'' process (where a glass plate follows the shape of a mould when the mould and the 
glass plate are heated) or by means of a grinding process. However, these processes of 
. making lenses are limited in their accuracy regarding the surfece roughness of the refractive 
20 . structure. 

The problem to be solved is thus to make an exposiore lens with higher 
accuracy. This problem is more urgent now than it was in tiie past, due to increased 
deflection angles. The larger flie deflection angle, the larger is the angle under which tiie light 
goes through the lens, and tiius, the larger the negative effect is from the surface roughness. 
25 When light goes tiirough a lens under a large angle, the effect of surface roughness increases 
dramatically. For a 120'' CRT, the effect of the surface roughness of the lens is 60% larger 
tiianforallO^CRT. 
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Therefore, it is an object of the present invention to provide a lens system for 
which the influence from surface roughness is greatly reduced. This is achieved by a lens 
system according to the upended claim 1 . 

It is important for tiie understanding of tihe invention to distinguish between 
the refractive structure of the lens and the roughness of the surfece. When designmg the lens, 
the surfece structure is determined so as to create a lens having the desired refractive 
properties. Within certain limits, the lens can be given an arbitrary shape. Theoretically, the 
optical refraction properties of the lens can be predicted frilly m the design process, and it is 
determined by the refraction structure of the lens. However, when constructing the lens, be it 
by sagging, by grinding or any other known way, the lens surface will always differ 
somewhat from the designed refractive structure, due to the surface roughness. Every surface 
always exhibit some degree of roughness, but in a lens for manufacturing CRT screens it can 
be accepted only to a limited degree. 

The problem to be solved is, as mentioned above, how to enhance the accuracy 
of a lens. Instead of focusing on improved surface smoothness, to which tiiere clearly is a 
limit, the invention takes a totally different approach. 

The invention is based on the recognition that the magnitude of Ae optical 
disturbances is not only proportional to the surfece roughness, but also to the refractive index 
of the lens or more particularly the difference between the refractive indices on each side of a 

refractive interface. 

Therefore, reducing the refractive index is an alternate way of enhancing the 
lens accuracy. Of course, to maintain the refractive characteristics (the refractive power) of 
the lens when reducing the refractive index, the structure of the lens refractive surfece has to 
be accentuated accordingly. Within certain limits, accentuating the surface is not a problem. 
However, no lens material having low enough refractive index is known. Therefore tiiis 

solution is not feasible today. 

Hence, it is the difference in refractive indices of the lens and the surrounding 
medium that determine the refractive power. This opens for a still different approach to the 
problem. For example, by submerging a glass lens, havmg a refractive index of 1.54, in 
water, having a refractive index of 1.33, tiie same refractive effect will be achieved as if a 
lens having a refractive index of 1 .21 is used in air, having the refractive mdex 1 .00. 
However, even if theoretically feasible, such a solution may be too impractical for standard 
use. 
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Furthermore, it is realized that a flat lens surface easily can be manufactured 
with sufficiently good tolerances for the surface roughness. In other words, it is easier to 
make a flat surface with excellent optical properties tiian it is to achieve such excellent 
properties for a curved surface, in particular when the shape of the sxirface is determined by a 
sagging process. 

According to one embodiment of the invention, a lens having insufficient 
surface smoothness is encapsulated in a box filled with a transparent liquids The flat sides of 
the box can be made with sufficient smoothness and the liquid can be selected to have a 
refractive index lower than the glass lens. Such a configuration will resxilt in a lens system 
which is much less sensitive to the surface roughness of the lens, and which is usable in the 
manufacturing process of CRT screens with large deflection angles. 

In a preferred embodiment of the invention, the lens system comprises a first 
and a second lens. The first lens corresponds to the lens discussed above, having a refiractive 
surface with unacceptable surface rougjmess. The second lens which has a lower refiractive 
index than the first lens, has a refiractive surface having a shape complementary to the 
refi-active surface of the first lens and is arranged in direct contact with the refractive surface 
of the first lens. Thereby, the two lenses form a single composite lens, or a lens system, 
having an internal refractive interface. 

Preferably, the two outer lens surfaces of the composite lens are flat, and can 
thus be made with sufficient smoothness. In this way, a composite lens system having 
sufficient refraction accuracy can be assembled with lenses that, when used isolated, have 
insufficient accuracy. Of coxjrse, tiie internal refractive interface of the composite lens will 
have to be designed differentiy depending on which particular refractive indices the lens 
materials have, and also depending on the chosen design of the entrance and exit surfaces of 
the compositelens. 

The materials in the lenses are chosen such that the dijfference in refractive 
indices is sufficientiy small. Of course, the difference can not be too small. The smaller the 
difference, the more magnified, or accentuated, the refiractive structure of tbe interface has to 
be. Since there are limits to the design of the structure, there are limits to the degree of the 
index difference as well. However, the combmation of quartz in the first lens and glass in the 
second lens is one preferred selection. 

Generally, the lens system according to tiie invention is designed such that the 
refractive power of a first lens is reduced compared with an ordinary, single lens systena. 
Thereby, the sensitivity to surface roughness of the first lens is reduced. The reduction of the 
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refractive power of the jSrst lens is achieved by arranging a refractive surface of said lens in 
direct contact with a second lens, having a lower refractive index than said first lens, but a 
higher refractive index than air. In this way, a critical refractive interface is achieved between 
said two lenses, wherein the refractive power, and tiiereby its sensitivity to roughness, is 
decreased as compared to a standard lens interface to air. 

In the following, embodinaients of the present invention will be described with 
reference to the accompanying drawmgs, on which: 

Fig, 1 schematically shows a lens encapsulated in a transparent box filled with 
transparent liquid. 

Fig. 2 schematically shows a composite lens system comprising a first and a 

second lens. 

In a first preferred embodiment, described with reference to Fig. 1, a lens 
system 10 comprises a first lens 13 which is submerged in a transparent liquid 12. The liquid 

12 constitutes a second lens and has a refractive index which is higher than air but smaller 
than the refractive index of the first lens. The liquid is enclosed in a transparent container 11, 
which preferably has flat sides. In this embodiment, the first lens 13 is made from glass, 
having a refiractive index of 1,54, and is submerged in water 2, having a refractive index of 
1.33. Thereby the first lens 13 loses 70% of its refiractive effect, and thus also of its 
sensitivity to surface roughness. The water 12 is encapsulated in a glass container 11, having 
flat side surfeces with sufficient smoothness. It is to be understood that flat surfaces can be 
made with much higher accuracy than structured surfaces. The environment outside the glass" 
container 1 1 may be air, as for a standard lens according to the prior art. The critical 
refiractive interfece of the lens system shown in Fig. 1 is the interfece between the fibrst lens 

13 and the water 12. Naturally, the water 12 (constituting the second lens) complements the 
structured surface of the first lens, thus forming the critical refiactive interface. 

In a second, more practical embodiment, described with reference to Fig. 2, 
the lens system is actually a composite lens 20 comprising a first lens 23 and a second lens 
21. The first lens 23 has a first refiractive index and the second lens 21 has a second refractive 
index, which is lower than the first refractive index. The lenses each have a refractive 
surface, which have complementary shapes and are arranged in direct contact with each 
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other, thus making up a critical refractive interface 22. Preferably, the outer sxirfaces of the 
composite lens are flat and can thus be made with a sufficient smoothness. Any refraction 
pattern can thus be accomplished by designing the refractive interface accordingly. The 
composite lens 20 is preferably made by designing and manxifacturing one of the lenses, and 

5 then manufacturing the other lens based on the shape of the first manufactured lens. In this 
embodiment, the first lens 23 is made from quartz, and the refiractive surface is either formed 
by a grinding process or by a sagging process. The second lens 21 is made from glass, and is 
formed by melting the second lens 21 on top of the refractive surface of the first lens. 
Alternatively the second lens 21 can be formed in a similar process as the first lens 23, such 

10 that it exactly fits (is complementary to) the shape of the refractive surface of the first lens, 
and is thereafter joined with on said refractive surface. 

It is to be understood that any optically transparent material can be used for 
the first and the second lens in the lens system according to the invention. For example, optic 
grade plastic can be used. Fiuihermore, an optical contact liquid or glue may be used at the 

1 5 interfece between the first and the second lens in tiie case when two solid materials are used. 

Summarizing, a lens system 10, 20 is disclosed, comprising a first 13, 23 and a 
second 11,21 lens. The refiractive index of the second lens 11,21 is higher than that for air, 
but lower than the refractive index of the first lens 13, 23. The lenses 13, 11, 23, 21 are 
arranged in direct contact with each other such that a critical refractive interface 22 is formed. 

20 The invention provides for exposure of CRT screens with a lower sensitivity to surface 
roi^hness, in particular when manufacturing screens with large deflection angles. 
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1. 

comprising: 



A lens system for use in manufacturing CRT screens, the lens system 



10 



a first lens having a first refiractive index and 
a second lens having a second refiractive index, 

the second refi:active index being higher than the refi:active index of air and 
lower than the first refiractive index, 

wherein the first and the second lens each has an outer surface and a generally 
shaped aspherical critical refiractive surface, said critical refiractive surfaces having 
complementary shapes and being arranged in direct contact with each other such that a 
refractive interface for the lens system is formed between the first and the second lens. 



2. The lens system according to claim 1, in which the outer surface of the first 

lens is flat. 



15 3, The lens system according to any one of the preceding claims, in which the 

outer surface of the second lens is flat. 



4. The lens system according to any one of the preceding claims, in which the 
first lens is made from a solid material, and the second lens is made firom a liquid material, 

20 the first lens being submerged in said liquid material and the liquid material being enclosed 
in a transparent container. 

5. The lens system according to any one of the claims 1 to 3, in which both the 
fitrst and the second lens is made firom a solid material. 

25 

6. The lens system according to claim 5, in which the first lens is made from 
quartz and the second lens is made from glass. 
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7. A method of manufacturiBg a screen for a CRT using the lens system as 

claimed in any of the preceding claims 
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ABSTRACT: 

1 1. 07. 2002 



A lens system (10, 20) is disclosed, comprising a first (13, 23) and a second 
(11,21) lens. The refractive index of the second lens (1 1 , 21) is higher than tiiat for air, but 
lower than the refractive index of the first lens (13, 23). The lenses (13, 1 1, 23, 21) are 
arranged in direct contact with each other such tiiat a critical refractive interfece (22) is 
formed. The invention provides for exposure of CRT sCTeens with a lower sensitivity to 
surface roughness, in particular when manufacturing screens with large deflection angles. 
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